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Abstract
Background: Phenols and parabens are common additives to consumer products. There is 
evidence of adverse birth outcomes in association with prenatal exposure to these chemicals, in 
addition to psychosocial factors. We previously reported an increase in gestational length with 
bisphenol-A, methylparaben and propylparaben, and a decrease in gestational length with 
triclocarban.
Objectives: We examined the modifying effect of psychosocial stress on the association between 
chemicals and gestational length in up to 752 women among a pregnancy cohort study.
Methods: Urinary biomarkers were measured at up to three time points in pregnancy. Multiple 
linear regression models were conducted to investigate the association between gestational length 
and the interaction between average exposure biomarkers and LES. Multiple linear regression 
models regressing the exposure biomarkers in relation to gestational length were also stratified by 
LES, Negative LES, and Positive LES, based on the subjective ratings of events. Results were 
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transformed into the change in gestational length for an inter-quartile-range difference in the 
exposure.
Results: Of the four psychosocial stress measures, only the life events score (LES) was a 
significant modifier. Associations between triclocarban, bisphenol-S, methyl- and propylparaben 
in relation to gestational length were stronger among women with negative Total LES scores. 
Among women with negative Total LES scores, bisphenol-S and triclocarban were associated with 
a 3-5 day decrease in gestational length [(−3.15; 95% CI:−6.06, −0.24); (−4.68; 95% CI: −8.47, 
−0.89)], whereas methylparaben and propylparaben were associated with a 2-3 day increase in 
gestational length [(2.21; 95% CI: 0.02, 4.40); (2.92; 95% CI: 0.58, 5.26)]. Significant interactions 
were driven by negative life events, but the association with triclocarban was driven by few 
positive life events.
Conclusions: Associations between exposure biomarkers and gestational length were stronger 
in the presence of negative life events. This provides evidence that stress makes the body more 
vulnerable to chemical exposure.
Graphical Abstract
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1. Introduction
Phenols and parabens are a group of chemicals commonly found in personal care products 
and household items, and exposure to these chemicals has been associated with gestational 
length, and a number of growth parameters at birth, including birth weight and birth length 
(Ferguson et al. 2018; Lassen et al. 2016; Philippat et al. 2014; Tang et al. 2013; Wolff et al. 
2008). We previously reported on associations between bisphenols, parabens and 
triclocarban with various birth outcomes in this cohort of pregnant women in Puerto Rico 
(Aker et al. 2018). We found an increase in gestational length in association with 
benzophenone-3, bisphenol-A (BPA), and methyl- and propyl-paraben, and a decrease in 
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gestational length in association with triclocarban. Bisphenol-S (BPS) was associated with 
changes in birth size, depending on the timing of exposure.
Maternal stress has also been associated with adverse birth outcomes. A population-based 
case control study reported a 60% increased odds of a very low birth weight infant among 
women who reported always feeling stressed as compared to women reporting no stress 
(Sable and Wilkinson 2000). Likewise, other studies have reported a shortened gestational 
length with maternal stress or a larger number of negative life events (Barbosa 2000; Dole et 
al. 2003; Dominguez et al. 2005; Rich-Edwards and Grizzard 2005). The effects of maternal 
stress on the fetus also extend beyond pregnancy, and potentially cause long-term adverse 
effects on the cognitive, behavioral and psychomotor development of the child (Kingston et 
al. 2012; Weinstock 2008).
There is a growing interest in looking at the combined effect of stressors in the environment 
on human health. In addition to exploring the effect of chemical mixtures on health, 
interactions between chemical and non-chemical stressors are important to consider in 
deepening our understanding of how the environment impacts humans. Although this area of 
research is relatively new and limited, evidence supports the notion of an increased risk of 
adverse effects with exposure to high concentrations of environmental chemicals and the 
modifying effect of high psychosocial stress levels. For example, a systematic review found 
the effect of chemical exposures, such as smoking and traffic pollution, in combination with 
high stress or socio-economic stressors was associated with worse fetal growth parameters 
than with any of the chemical or socio-economic stressors on their own (Vesterinen et al. 
2017).
As a follow-up to our previous study, we examined the potential modifying effect of 
maternal stress on the associations we observed between biomarkers of several common 
chemical exposures and gestational age. We tested this question using the Puerto Rico 
Testsite for Exploring Contamination Threats (PROTECT) project, a multi-disciplinary 
research center in Northern Puerto Rico that established a pregnancy cohort to investigate 
the role of environmental contamination in adverse birth outcomes. The analysis explored 
relationships between gestational length and the interaction between urinary concentrations 
of phenols, parabens and triclocarban, and psychosocial factors (depression, perceived 
stress, social support and life events) using data from the same cohort described in Aker et 
al. (2018). This manuscript focuses on the exposure metabolites of interest based on our 
results from our previous analysis (benzophenone-3, BPA and BPS, triclocarban, methyl- 
and propyl-paraben). We hypothesized that increased psychosocial stress would exacerbate 
the decrease in gestational length in the case of triclocarban and BPS. BPA, 
benzophenone-3, methyl and propyl-paraben were associated with an increase in gestational 
age in our previous manuscript. We hypothesized that the combined effect of exposure to 
these chemicals and increased psychosocial effect would lead to a null association with 
gestational length.
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2. Methods
2.1 Study Population:
The details of the study population were previously described in Aker et al., 2018. Briefly, 
participants for this study were from the PROTECT cohort, an ongoing prospective cohort of 
pregnant women recruited from two hospitals and five affiliated health clinics in Puerto 
Rico. The exclusion criteria included: women who lived outside the region, multiple 
gestations, use of oral contraceptives within three months prior to getting pregnant, 
pregnancy through in vitro fertilization, and any known medical health complications 
(including diabetes, hypertension, etc.). The present analysis includes 908 study participants 
recruited from 2011-2017 at 14 ± 2 weeks gestation. There were up to three study visits 
performed on each of the participants: visit 1 at 16-20 weeks gestation; visit 2 at 20-24 
weeks gestation; and, visit at 24-28 weeks gestation. These study visits coincided with 
routine clinical visits and rapid fetal growth. All demographic data was collected at visit 1, 
and questionnaires on psychosocial status were administered at study visits 2 and 3 (further 
details found below). Spot urine samples for urinary exposure biomarker measurement were 
collected at each of the three study visits. This study was approved by the research and 
ethics committees of the University of Michigan School of Public Health, University of 
Puerto Rico, Northeastern University, and participating hospitals and clinics. All study 
participants provided full informed consent prior to participation.
2.2 Urinary Biomarker Measurement:
Spot urine samples collected during the three study visits were divided into aliquots and 
frozen at −80°C. They were shipped overnight in dry ice to the Centers for Disease Control 
and Prevention for analysis. Samples were analyzed for seven phenols (2,4-dichlorophenol, 
and 2,5-dichlorophenol, BPA, BPS, BPF, benzophenone-3, triclosan), four parabens 
(ethylparaben, methylparaben, butylparaben and propylparaben) and triclocarban using 
online solid phase extraction-high-performance liquid chromatography-isotope dilution 
tandem mass spectrometry (Watkins et al. 2015; Ye et al. 2005, 2006).
The sample size for BPS and triclocarban was smaller than for the other urinary biomarkers 
because they were added to the analytical panel mid-way through the study, and thus, only 
available on a subset of the cohort (N: 540-544). Urinary specific gravity (SG) was 
measured using a digital handheld refractometer (AtagoCo., Ltd., Tokyo, Japan), and was 
used to account for urinary dilution. Samples below the limit of detection (LOD) were 
assigned a value of the LOD divided by √2 (Hornung and Reed 1990). Urinary biomarkers 
were corrected for SG in preliminary analyses. For the purpose of clarity, this manuscript 
focuses on the exposure biomarkers associated with changes in birth outcomes from our 
previous analysis (Aker et al., 2018), which are benzophenone-3, BPA, BPS, triclocarban, 
methyl- and propyl-paraben. Biomarker distributions can be found in our previous report, 
Aker et al. (2018). Methyl- and propyl-paraben were highly correlated (Spearman 
correlation: 0.78).
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2.3 Psychosocial Scores:
The psychosocial status of study participants was determined via questionnaires. The 
questionnaire included questions from four instruments: 1) Center for Epidemiological 
Studies-Depression (CES-D) (Radloff 1977); 2) Perceived Stress Scale (PSS) (Cohen et al. 
1983); 3) ENRICHD Social Support Instrument (ESSI) (ENRICHD Investigators 2001); 
and, 4) Life Experiences Survey (LES) (Sarason et al. 1978). The CES-D, PSS and ESSI 
instruments were administered at 28 weeks gestation in the clinic, whereas the LES 
questionnaire was administered during the in-home study visit (20-24 weeks gestation). All 
questions were translated and administered in Spanish. As described below, new categorical 
psychosocial scores were created for statistical analyses.
The CES-D is a 20-item score that asks participants how they felt in the past week to 
determine their depression status. A score of ≥16 for CES-D is typically used to determine 
depression (Lewinsohn et al. 1997); therefore CES-D was categorized into scores greater 
than or equal to 16 or below 16.
The PSS is a 10-item score that aims to determine the participants’ perceived stress levels 
during the previous month. There is no established cut-off for PSS. Therefore, we set the 
cut-off for PSS at the 75% percentile (score of 28, maximum=49), wherein participants with 
scores ≥28 were considered to have high perceived stress. A cut-off of 28 was also used 
previously used in the literature (Shah et al. 2010).
ESSI is a 7-item score that asks respondents how they currently feel with regards to the 
social support that they have. There is no established cut-off for ESSI; however, two recent 
studies used a cut-off of ≤18 for the ESSI score to define low social support (Aggarwal et al. 
2010; Bucholz et al. 2014); therefore we used the same cut-off for our analyses. This 
population reported very high scores of social support, so a cut off of 18 also allowed us to 
establish a distinct reference group of women with lower social support.
LES is a 38-item score that asks participants whether they experienced a list of events since 
becoming pregnant, and allows participants to rate how positive or negative they perceived 
the event to be on a scale of −3 to 3. A score of zero is recorded if an event is not 
experienced. The questionnaire administered is included in Appendix II. Some questions 
from the original questionnaire were removed due to irrelevance to our study population; 
these included questions specific to students and men, and questions not relevant to women 
in our study, including being pregnant or having an abortion. The Total LES (TLES) score 
was categorized into three groups to take into account the overall negative and positive 
scores. The cut-off points were below −1, between −1 and 1, and above 1 (labelled 
“neagative”, “neutral” and “positive”). Two more scores were calculated from the LES 
score. A Positive LES score (PLES) was calculated as a sum of only life events scored > 0, 
and a Negative LES score (NLES) was calculated as a sum of only life events scored < 0. 
The categories for PLES and NLES scores were created to have a sufficient number of 
participants per group. The cut-offs were scores below 2 (−2), between 2 and 5 (−2, −5), and 
above 5 (−5) (labelled “low”, “medium”, and “high”).
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2.4 Gestational length Calculation:
The American College of Gynecologists (ACOG) recommendations were used for the 
gestational length calculation of complete pregnancies (Committee on Obstetric Practice, the 
American Institute of Ultrasound in Medicine, and the Society for Maternal-Fetal Medicine 
2017). In brief, ACOG recommends determining gestational length using either information 
from the first ultrasound or the last menstrual cycle date (LMP), depending on two cutoffs: 
1) how far along the pregnancy the ultrasound was conducted, and 2) the difference in the 
estimated date of delivery (EDD) calculated from the LMP and from the ultrasound. Further 
details on this calculation can be found in the ACOG Committee Opinion document 
(Committee on Obstetric Practice, the American Institute of Ultrasound in Medicine, and the 
Society for Maternal-Fetal Medicine 2017).
2.5 Statistical Analyses:
A detailed description of the preliminary analyses conducted for exposure biomarkers, 
gestational length, and important covariates can be found in Aker et al. (2018). Briefly, after 
distributions of key demographic characteristics were calculated, multiple linear regressions 
(MLR) were conducted to examine associations between gestational length and each average 
exposure biomarker. Gestational length was right-skewed, but sensitivity analyses in our 
previous analysis revealed no differences in interpretation of models with the gestational 
length variable as is, and the transformed version of the variable. We re-ran the bivariate 
analyses on the potential covariates and urinary exposure biomarkers, stratified by TLES 
scores. To compare the differences in frequencies of categorical variables across the LES 
categories, we used the Chi square test. The continuous variables (age and urinary exposure 
biomarkers) were not normally distributed; therefore, to compare the continuous variables in 
the groups, we calculated the Mann–Whitney U test. Following this, we conducted 
univariate analysis on the four psychosocial scores we had available. The mean, median and 
select percentiles were calculated for each of the scores. In addition, the frequency of each 
life event was calculated in the case of LES.
We constructed MLR models to investigate associations between each categorical 
psychosocial score and gestational length. There was no evidence of non-linearity after the 
addition of penalized and smoothing splines, so we constructed MLR models to study the 
interaction between each mean-centered log average urinary exposure biomarker 
concentration and each categorical psychosocial score in relation to gestational length. For 
this analysis, the LES variable beta coefficients represented the trend in LES categories. The 
average urinary exposure biomarker concentration was calculated using the urinary exposure 
biomarker concentrations across the three study visits. In the case of a missing value at one 
of the study visits, the average was taken of the two remaining concentrations. In the case of 
two missing concentrations, the “average” phenol or paraben concentration was equal to the 
available concentration. Crude analyses included only the average specific gravity as a 
covariate in addition to the urinary biomarker and psychosocial score. Potential covariates 
were selected based on the literature. We maintained a covariate if it changed the main effect 
estimate by >10%, which were added in a step-wise fashion. Final models were controlled 
for the following confounders: specific gravity, maternal age, insurance type, alcohol use, 
and self-reported exposure to second-hand smoking. Other variables considered, but not 
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included, were parity, smoking, maternal education, marital status, number of children, and 
BMI.
In MLR models with interaction terms exposure biomarker*psychosocial variable, only 
models with interactions with LES variables were statistically significant (p<0.05). 
Therefore, the remainder of the analyses focused on interactions between biomarkers of 
exposure and LES variables: TLES, PLES and NLES scores. Two analyses were conducted. 
First, to better understand the interaction effects, we studied the interaction between LES 
variables in categorical form and exposure biomarkers, in contrast to previous models that 
looked at the trend across the LES variables. Interaction p values less than 0.10 were 
considered of interest. Second, the MLR models were stratified by LES categories. To study 
the effect of infant sex, we further stratified the MLR models by infant sex. All effect 
estimates from MLR models were transformed to the change in gestational length in relation 
to the interquartile range (IQR) increase in urinary biomarker concentrations. The alpha 
level was set at 0.05 for stratified analysis. All statistical analyses were conducted in R 
Version 3.4.2.
As a sensitivity analysis, we included PLES scores as a covariate in models for NLES 
scores, and included NLES scores as a covariate in models for PLES scores. There were no 
differences in the results with the addition of these covariates. Second, we restricted our 
analysis to women with data from only one study visit, only two study visits, and all three 
study visits. The sample sizes in each group were too small to detect significant interactions, 
but the directions of the associations remained the same. Based on this, and the high intra-
class correlation values (Supplementary Table 3), we proceeded with our calculation of the 
average exposure biomarker as described above. We also examined the interaction of 
depression, CES-D, and exposure biomarkers in more detail, because the interaction p value 
was 0.08, which indicated a suggestive association. However, no trends emerged after 
stratification of the results by CES-D scores.
3. Results
Of the 908 pregnant women included in the analysis, up to 752 women had exposure, 
outcome and covariate data. Table 1 presents demographic characteristics of the study 
population stratified by TLES scores. The study population was on average 26 years of age; 
over half had BMI levels <25; 3% were current smokers; and, approximately 20% were 
single. Women with positive TLES scores were generally younger (25 years versus 27 years) 
and less likely to have more than one more child. Women with overall negative TLES scores 
were more likely to be current smokers (4.9% versus 2%).
Of the 38 life events included in the LES questionnaire, 14 life events were experienced by 
at least 10% of the study participants (Table 2). Half of the participants experienced changes 
in eating and sleeping habits. Approximately 25% experienced mean negative changes in 
social and recreational activities, a mean negative change in financial status, or a mean 
positive change in personal achievements. Ten percent experienced an illness and/or death of 
a close family member. No main effects in models regressing gestational length against 
psychosocial variables were statistically significant, and all p-values exceeded 0.50 
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(Supplementary Table 4). Additionally, none of the interaction terms between any of the 
urinary biomarkers and CES-D, PSS and ESSI were statistically significant (Supplementary 
Table 5). In turn, the remainder of this manuscript focuses on the results of the interaction 
between phenol, paraben and triclocarban concentrations with TLES, PLES and NLES on 
gestational length.
In a previous study, we observed 1-2 day increases in gestational length in relation to an IQR 
increase in urinary benzophenone-3, BPA, methylparaben and propylparaben, as well as a 2 
day decrease in gestational length in relation to urinary triclocarban (Supplementary Table 1) 
(Aker et al. 2018). Figure 1 shows the results of the MLR models regressing these urinary 
exposure biomarkers against gestational length when stratified by TLES categories. There 
was a general linear trend across the TLES categories such that the strongest associations 
between the urinary biomarker and gestational length were among women with negative 
TLES scores, with the exception of BPA where no trends emerged. Among women with 
positive TLES scores, associations between the urinary biomarkers and gestational length 
were largely not statistically significant (Supplementary Table 6). When treated as an ordinal 
variable, the interaction between TLES and BPS, triclocarban and propylparaben was 
statistically significant (Supplementary Table 3). BPS and triclocarban were associated with 
a 3-5 day decrease in gestational length among women with negative TLES scores [(−3.15 
change in gestational length days per IQR increase in exposure biomarker (Δ); 95% CI-6.06, 
−0.24); (Δ −4.68; 95% CI: −8.47, −0.89), respectively], whereas methylparaben and 
propylparaben were associated with a 2-3 day increase in gestational length among women 
with negative TLES scores [(Δ 2.21; 95% CI: 0.02, 4.40); (Δ 2.92; 95% CI: 0.58, 5.26), 
respectively]. Of these associations, the interaction p value was suggestive in the case of 
BPS and PPB (p value 0.06, 0.10). BPS was not independently associated with gestational 
length, the strength of the interaction between BPS and TLES (ordinal and categorical), as 
well as the linear trend observed across the TLES categories lend confidence to these results. 
Nevertheless, these associations should be interpreted with caution. Associations between 
benzophenone-3 and gestational length remained unchanged across all the LES categories.
Figure 2 shows the MLR results stratified by NLES scores. No clear patterns emerged, 
although associations between BPA, methylparaben and propylparaben and gestational 
length were strongest among women with NLES scores in the medium category. The 
association between BPS and gestational length was not statistically significant in any of the 
NLES categories; however, the 2 day decrease in gestational length among women with 
medium NLES was statistically different compared to the change in gestational length 
among women in the low NLES category (p value = 0.08).
Figure 3 shows the MLR results stratified by PLES scores. There was a strong association 
between triclocarban and reduced gestational length among women with low PLES scores 
(Δ −4.58; 95% CI: −7.70, −1.46). Methylparaben and propylparaben (Spearman correlation 
= 0.78; Aker et al, 2018) were significantly associated with gestational length among women 
with low PLES scores; however, these associations were also observed among women with 
high PLES scores.
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After stratification by fetal sex, the associations with parabens discussed above were only 
observed in girls, and had larger magnitudes (Supplementary Table 7). On the other hand, 
associations with BPA and BPS were only observed among males. However, the sample 
sizes for each group in this analysis were relatively small (60-90 women), so caution must 
be taken when interpreting these results.
4. Discussion
Women with negative TLES scores had strong associations between some exposure 
biomarkers and gestational length, especially in the case of BPS, triclocarban, 
methylparaben and propylparaben. The inverse association between triclocarban and 
gestational length was strongest among women with low PLES scores, suggesting a 
protective effect of positive life events against the impact of triclocarban on pregnancy 
duration. Fetal sex may also add another layer of complexity.
Life events, a proxy for measuring maternal stress, have been linked to adverse birth 
outcomes (Barbosa 2000; Dole et al. 2003; Dominguez et al. 2005; Rondó et al. 2003; Ruiz 
et al. 2002; Talge et al. 2007). However, in our population, LES scores were not associated 
with gestational length in adjusted models. This indicates that experiencing negative life 
events, and thus experiencing stress, may not be sufficient to illicit an adverse effect in our 
cohort. It was only the combination of overall negative TLES scores and higher 
concentrations of exposure biomarkers that we observe changes in gestational length of up 
to five days.
Olson et al. prescribe to a “two-hit” theory under an allostatic freedom which could help 
describe the potential biological mechanisms at play (Olson et al. 2015). The two-hit theory 
postulates that each “hit” or stressor to the body cumulatively leads to changes in the 
complex mechanisms involved in parturition, potentially leading to a tertiary outcome with 
an increased number of “hits”. Rat dams were exposed to both stress and the pro-
inflammatory cytokine, IL-1β. Even though neither stressor elicited a response on their own, 
the combined effect led to preterm birth in the rats. Thus, our results could be described 
under this framework, where the first “hit” may be maternal stress, and the second “hit” is 
the chemical exposure. When only one of our stressors was present in the model (LES or 
exposure biomarker), a small or no effect was observed on gestational length, but the 
interaction of the two led to changes in parturition and gestational length, consistent with a 
“two-hit” mechanism.
The prevailing theory on the mechanism between maternal stress and gestational length is 
hypothesized to occur via the maternal-placental-fetal hypothalamic-pituitary-adrenal (HPA) 
axis or inflammatory responses (de Weerth and Buitelaar 2005; Kingston et al. 2012; 
Kramer and Hogue 2009; Rich-Edwards and Grizzard 2005). Maternal stress’ influence on 
the maternal HPA axis stimulates cortisol production via corticotropin-releasing hormone 
(CRH) (de Weerth and Buitelaar 2005). Cortisol concentration is an important physiological 
marker because higher levels of maternal cortisol are linked to increased intrauterine 
constriction and preterm birth (Carpenter et al. 2017; Cherak et al. 2018; Smith 2007).
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CRH also stimulates the release of prostaglandins and inflammatory responses in the 
maternal-placental-fetal systems, thereby preparing women for labor and stimulating 
myometrial contractions (Smith and Nicholson 2007; Thomson 2013; Wadhwa et al. 2001). 
In fact, women in preterm labor have higher levels of CRH compared to gestational age-
matched women, as well as accelerated rates of CRH over the course of their gestation 
(Wadhwa et al. 2001, 2004). So it is possible that through this mechanism, an increase in 
CRH levels from maternal stress could lead to an earlier parturition. Elevated levels of 
circulating CRH in the early third trimester were reported among women with high 
perceived stress levels (Wadhwa et al. 1996; Weinstock 2005). In addition, our team 
previously reported an increase in CRH in association with methylparaben and 
propylparaben, and a decrease in CRH in association with BPS among a smaller subset of 
the PROTECT cohort (Aker et al. 2019). However, the direction of these associations are in 
the opposite direction of what one would expect to cause an increase or decrease in 
gestational length, respectively.
In addition to the effects CRH has on prostaglandins and inflammatory mediators, chronic 
stress leads to inhibition of the hypothalamic-pituitary-adrenal axis. During chronic stress, 
prolonged periods of elevated levels of circulating cortisol inhibit hypothalamic production 
of thyroid stimulating hormone (TSH), leading to a decreased release of TSH from the 
pituitary gland, and subsequent decreased release of thyroxine (T4) from the thyroid. 
Furthermore, CRH inhibits conversion of thyroxine (T4) to the bioactive triiodothyronine 
(T3) (Helmreich et al. 2005; Heyma and Larkins 1982). However, these effects depend on 
the duration and intensity of the stressor (Helmreich et al. 2005). In one study, decreased 
levels of FT4 was associated with higher rates of perinatal syndromal depression (Pedersen 
et al. 2016), which may be a result of decreased release of T4. There is evidence that 
circulating levels of thyroid hormones, particularly decreased FT4 and increased T3, are 
associated with preterm birth (Johns et al. 2017). Our previous analysis found associations 
between urinary concentrations of BPA and triclocarban and an increase in T3 (Aker et al. 
2019). Thus, decreased FT4 levels from depression or high stress may be the first hit, and 
the increase in T3 from triclocarban could be the second hit, leading to a shortened 
gestational length. BPA was also associated with an increase in FT4, which may explain 
why we do not observe a shortened gestational length with negative TLES.
Besides the neuroendocrine pathway, a potential mechanism of action could be via 
inflammatory responses. Some stressful life events during pregnancy were suggestively 
associated with elevated levels of 8-iso-PGF2α (an oxidative stress marker) measured at a 
median of 32 weeks (Eick et al. 2018). Additionally, chronic stress is related to 
immunosuppression and changes in the response to antigens (Elenkov and Chrousos 1999), 
which is related to a decreased gestational age at birth. Exposure to some phenol and 
parabens have also been associated with oxidative stress and inflammatory biomarkers, 
including BPA and propylparaben (Neier et al. 2015; Watkins et al. 2015). In summary, we 
suggest several pathways that could lead to an increase in hits with the combined effect of 
chemical exposure and maternal stress, including: 1) a direct effect on cortisol; 2) a direct 
effect on CRH; 3) an indirect effect on thyroid hormones via CRH and cortisol; and 4) a 
direct effect on inflammatory responses.
Aker et al. Page 10
Sci Total Environ. Author manuscript; available in PMC 2021 March 15.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
The associations with parabens were especially difficult to interpret. Parabens were 
associated with an increase in gestational length; however, maternal stress is generally 
associated with a decrease in gestational length. Parabens were associated with a decrease in 
estriol (Aker et al. 2019), while stress is associated with an increase in CRH (Weinstock 
2005), and subsequent increase in estriol (Smith et al. 2012). Additionally, parabens have 
antimicrobial properties which could decrease inflammation (Turakka et al. 1988), while 
stress is associated with an increase in inflammation (Bronson and Bale 2014). Because of 
these opposite biological effects, no effect on gestational length with high levels of stress 
and paraben exposure would have been expected. This unexpected finding could indicate 
that parabens affect gestational length through a different mechanism than the one proposed, 
or it could indicate that interaction between stressors act differently than in the presence of 
each stressor alone. This was also observed in an animal study that exposed rats to various 
stressors across two generations, and also observed different effects on birth outcomes with 
different combinations of stressors (Verstraeten et al. 2019).
Given the lack of significant associations between triclocarban and gestational length when 
the results were stratified by NLES scores, this association could indicate that the 
relationship between triclocarban and gestational length among women with negative TLES 
scores is driven by the lack of positive life events, rather than the presence of negative life 
events. This is consistent with the literature that suggests positive life events and perceived 
social support may act as a buffer to stress and negative events (Cohen et al. 1984). For 
example, positive life events were correlated with lower salivary cortisol levels among a 
group of 60 pregnant women, while negative life events were not (Pluess et al. 2012).
We did not observe any interactions between exposure biomarkers and other psychosocial 
scores. One reason may be due to the different timing the scores attempt to capture. The 
ESSI score asks participants how they currently feel; the CES-D score asks participants how 
they felt in the past week, the PSS score focuses on the previous month, and LES pertains to 
events since becoming pregnant. While the scores are dependent on each other given they 
include similar questions, it is interesting to note that the only significant interactions we 
observed included the psychosocial score that has the widest time frame and would 
presumably include the least subjective questions, LES.
We did not identify other studies that have investigated the same associations as this study. 
We did, however, identify a study that looked at the combined effect of phthalate exposure 
and stressful life events on the anogenital distance (AGD) among over 700 women in a well-
educated cohort based in four medical centers across the U.S. (Barrett et al. 2016). The study 
found that among boys, prenatal exposure to stressful life events modified the association 
between first trimester di(2- ethylhexyl) phthalate (DEHP) metabolite concentrations and 
altered genital measurements, such that the association between DEHP and altered genital 
measurements was only significant among mothers with low stress (and not high stress). 
While our results are not directly comparable, both studies support further exploration of the 
effect of chemical and non-chemical stressors on perinatal health.
While our study is among the first to explore the effects of endocrine disruptors in addition 
to psychosocial variables, there were a few limitations. The timing of maternal stress could 
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influence the effect on the fetus (Weinstock 2005); however, we do not have precise data on 
when the life event took place apart from happening sometime between the beginning of 
pregnancy and the second study visit (20-24 weeks gestation). Similarly, we have no data on 
the participants’ LES profiles past the second study visit. Evidence also suggests that the 
type of life event is an important factor to consider (i.e. a family death versus changes in 
diet), rather than combining all life events as equal in magnitude and/or importance (Eick et 
al. 2018; Talge et al. 2007). However, because our LES scores allowed the participant to rate 
how positive or negative the event was, this limitation is unlikely to have greatly affected our 
results. While our analysis used urinary exposure biomarker data from three time points, our 
analyses still resembles a cross-sectional study in this context. In addition, we constructed 
multiple models in this exploratory study, which increases the risk of Type 1 error.
Our study also had many strengths. Our large sample size allowed us to explore the 
modifying effects of both psychosocial variables and fetal sex. We also had data on a total of 
four psychosocial scores, which allowed us to capture different methods of exploring stress 
during pregnancy. Most studies that examine the effect of life events focus solely on negative 
life events. However, our study shows the importance of both negative and positive life 
events, and our most consistent results were based on the TLES scores rather than the 
Negative and Positive LES scores separately. Furthermore, our urinary exposure biomarker 
panel included BPS and triclocarban which have not been studied in detail to date.
Our cohort also has higher levels of triclocarban as compared to other populations (Ashrap 
et al. 2018) allowing us to study the association between this biomarker, maternal stress, and 
gestational length in a vulnerable population.
5. Conclusion
This study is one of the first to examine the effect of chemical exposure in the presence of 
maternal stress. Associations were stronger in the presence of negative life events, and 
positive events had some protective effect on the association between exposure biomarkers 
and gestational length. This indicates that stress makes the body more vulnerable to the 
effects of chemical exposure. Pregnancy is a stressful period in a woman’s life, and the 
increased vulnerability to chemical exposure could have adverse effects on her and the fetus. 
More research is required to verify these associations.
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Highlights
1. Life events modified associations between chemical exposure and gestational 
length
2. Relationships were stronger in the presence of overall negative life event 
scores
3. There was evidence of buffering with positive life events
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Figure 1: 
Adjusted change in gestational length in relation to average mean-centered exposure 
biomarker concentration across three time points during pregnancy, stratified by TLES. Beta 
coefficients were transformed to change in gestational days for an IQR increase in exposure 
biomarker concentration. The star represents a statistically significant interaction as 
compared to the Neutral category.
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Figure 2: 
Adjusted change in gestational length in relation to average mean-centered exposure 
biomarker concentration across three time points during pregnancy, stratified by NLES. Beta 
coefficients were transformed to change in gestational days for an IQR increase in exposure 
biomarker concentration. The star represents a statistically significant interaction as 
compared to the Low category.
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Figure 3: 
Adjusted change in gestational length in relation to average mean-centered exposure 
biomarker concentration across three time points during pregnancy, stratified by PLES. Beta 
coefficients were transformed to change in gestational days for an IQR increase in exposure 
biomarker concentration. The star represents a statistically significant interaction as 
compared to the Low category.
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Table 1:
Summary demographics of the 908* pregnant women in the study population stratified by Total LES Scores 
(TLES)
Total NegativeTLES Score
Neutral
TLES Score
Positive
TLES Score p
N 908 330 272 306
Maternal Age (median [IQR]) 26 [22.00, 31.00] 27 [23.00, 31.00] 27 [22.00, 31.00] 25 [21.00, 29.00] <0.001
BMI (%) 0.16
0-25 419 (56.5) 151 (54.9) 118 (53.6) 150 (61)
25-29.9 200 (27.0) 84 (30.5) 57 (25.9) 59 (24)
>29.9 122 (16.5) 40 (14.5) 45 (20.5) 37 (15)
Insurance type (%) 0.71
Mi Salud 586 (63.3) 216 (65.5) 180 (66.2) 190 (62.1)
Private 322 (36.7) 114 (35.5) 92 (36.1) 116 (38.5)
Household Income (%) 0.91
<10,000 229 (29.5) 89 (31) 69 (29.4) 71 (28)
10,000-30,000 244 (31.4) 87 (30.3) 70 (29.8) 87 (34.3)
30,000-50,000 182 (23.5) 68 (23.7) 55 (23.4) 59 (23.2)
>50,000 121 (15.6) 43 (15) 41 (17.4) 37 (14.6)
Maternal Education (%) 0.78
<High School/GED 185 (20.6) 68 (20.7) 57 (21.4) 60 (19.9)
Some College 324 (36.2) 124 (37.8) 88 (33.1) 112 (37.1)
College graduate 387 (43.2) 136 (41.5) 121 (45.5) 130 (43)
Smoking (%) 0.02
Never 752 (83.7) 269 (82) 237 (88.4) 246 (81.5)
Ever 118 (13.1) 43 (13.1) 25 (9.3) 50 (16.6)
Current 28 ( 3.1) 16 (4.9) 6 (2.2) 6 (2)
 Exposure to second hand smoking (%) 0.86
None 769 (88.4) 278 (87.1) 232 (89.9) 259 (88.4)
Up to 1 hour 44 ( 5.1) 19 (6) 11 (4.3) 14 (4.8)
More than 1 hour 57 ( 6.6) 22 (6.9) 15 (5.8) 20 (6.8)
Alcohol Consumption (%) 0.15
None 454 (50.8) 165 (50.6) 148 (55.4) 141 (46.8)
Before pregnancy 380 (42.5) 136 (41.7) 108 (40.4) 136 (45.2)
Yes within the last few months 60 ( 6.7) 25 (7.7) 11 (4.1) 24 (8)
Marital Status (%) 0.09
Single 178 (19.8) 63 (19.2) 48 (17.9) 67 (22.1)
Married 510 (56.7) 186 (56.7) 168 (62.7) 156 (51.5)
Divorced 11 ( 1.2) 7 (2.1) 1 (0.4) 3 (1)
Living together 200 (22.2) 72 (22) 51 (19) 77 (25.4)
Number of previous children (%) 0.002
0 430 (47.9) 142 (43.3) 118 (44) 170 (56.5)
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Total NegativeTLES Score
Neutral
TLES Score
Positive
TLES Score p
1 358 (39.9) 143 (43.6) 108 (40.3) 107 (35.5)
>1 109 (12.2) 43 (13.1) 42 (15.7) 24 (8)
P values calculated from Chi squared test for categorical variables and Kruskal test for continuous variables.
Totals may not add up to 100% due to missing values.
908 women had data on LES and gestational length.
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Table 2:
Life events that occurred in at least 10% of the study population and their mean scores. N=908.
Life Event N (%) Mean score
Drastic change in eating habits 463 (51.9) 0.21
Drastic change in sleeping habits 462 (51.7) −0.52
Major change in social activities 246 (27.6) −0.29
Change in amount/type recreation 231 (25.9) −0.35
Change in financial status 215 (24.1) −0.39
Successful personal achievement 211 (23.7) 1.16
Change in number of discussions with spouse 192 (21.5) −0.70
Change in church activities 150 (16.8) 0.37
Change in proximity to family member 149 (16.7) 0.65
Moved to a new location 163 (15.6) 1.55
Changes in the workplace 127 (14.2) −0.14
Changes in spouse's workplace 127 (14.2) 0.22
Death of a close family member 95 (10.7) −1.70
Illness in a close family member 91 (10.2) −1.56
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